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Abstract
The electric dipole moment(EDM) of the neutron is discussed in the SUSY SU(5)
GUT model. In order to generate the EDM, a CP violating phase is introduced into
the Higgs sector of the mass matrix, because the existence of this phase is the
essential dierence of this model in contrast to the standard model. As the result,





1 Brief Review and Our Motivation
The Electric Dipole Moment(EDM) of an elementary particle is generated by the violation
of CP [1]. In the standard model [1] [2], the neutron EDM dn is theoretically evaluated
as
dn = 10
−31  10−34(e cm) : (1)
On the other hand, the experimental upper limit on the neutron EDM is
jdnj < 10
−25(e cm) ; (2)
at present[3]. However, this experimental limit will be improved in the near future. For
instance, a new technique to observe the neutron EDM, based on the storage of polarized
ultra cold neutrons and polarized 3He gas in 4He superfluid, is expected to permit a
measurement of dn with the sensitivity of
(dn) = 4 10
−29(e cm) ; (3)
in a one year run[4]. In several extensions of the standard model, it is well-known that
the neutron EDM’s value is expected or evaluated to be larger than one in the original
standard model. Thus, once the neutron EDM were observed larger than the theoretical
upper limit Eq.(1) in the standard model, the other models have advantage of this point.
In this paper, we estimate the neutron EDM in the SUSY SU(5) GUT model as one of
the extensions of the standard model. Prior to the authors, the neutron EDM’s value in
this model is already evaluated by A. Romanio and A. Strumia [5]. However, in their
estimation[5], the CP violating phase only in the quark sector of the mass matrix is
taken into account, and the phase in the Higgs sector is neglected. In their evaluation[5],
therefore, except several settings of extreme parameters, there is not so much dierence of
the neutron EDM’s values between in the SUSY SU(5) GUT model and in the standard
model, because only the same mechanism to violate CP with the standard model is taken
into account. Generally speaking, according to the Kobayashi-Maskawa theorem[11], a
mass matrix consisted of 33 or more components can have the complex phase to violate
CP. Thus, another complex phase to violate CP can be introduced into the Higgs sector
of the mass matrix, because the Higgs/Higgsino superelds have ve components in this
model; the existence of this new phase is a feature of the SUSY SU(5) GUT in contrast
to the standard model. When trying to evaluate the neutron EDM’s value in the SUSY
SU(5) GUT, it is impossible for the authors to neglect this new CP violating phase. As
the results, several estimations of the neutron EDM’s value in the SUSY SU(5) GUT,
generated by this new mechanism to violate CP symmetry, are presented in this paper.
2 Estimation of Neutron EDM
































where, a and b are SU(5) indices, and j is a flavor index. a is a 5-representation and a is
a 5-representation. The SU(2) doublet components of these are the Higgs supermultiplets.




j . These are
the matter supermultiplets.





where, the ’s imply the bosons like scalar quarks, scalar leptons and Higgs bosons. H’s
mean the Higgs fermions(Higgsinos). The complex phase to violate CP is introduced into
the Higgs sector as follows:
M 0 HH −! M 0 Heiγ5H ; (6)
(M 0  3m02) ;
where, H is the Higgsino, (0    =2) is an arbitrary angle of the complex phase.
There are many vertices derived from the superpotential Eq.(4), however, only two ver-
tices:
f Hu ~d ; g  Hu ~d ; (7)
are arise in the Feynman graph which is sooner estimated. f and g in Eq.(7) are Yukawa
coupling constants. u means the u-quark and ~d represents the scalar d-quark. In order
to estimate the EDM’s value of a quark, only the type of a one-loop level graph shown
in Fig.1 is taken into account, because the contribution of a graph to the EDM’s value
is, roughly speaking, proportional to the inverse of the particle masses and decreasing
with the order of the loopwise expansion. As the result, the contribution of the graphs
including the lightest quarks (u and d) is dominant, and the other graphs can be neglected.
In order to calculate the loop correction to a current of the u-quark with spin 1/2




























where, j(q) is the current with four-momentum transfer q = p
0−p. F3(q2) is the CP-odd













where, dd is the d-quark EDM, which is obtained by simply exchanging u-quark for d-

























Figure 1: A dominant graph that the Higgsino contribute to the EDM
As the results of the calculation, F3(0) is written as:
F3(0) = 2
2 sin  
p














D  m ~d=mH ; (12)
where,  is previously mentioned an angle of the complex phase. f , g, M 0, and 1 are
coupling constants. mu, mH , and m ~d stand for the mass of u-quark, Higgsino, and scalar
d-quark, respectively.
3 Correction of the renormalization group flow to the
parameters
The corrections of the energy scale dependence to the coupling constants, like f , g, and
1, are evaluated by the method of the renormalization group(RG). The renormalization
group equation(RGE) system in the SUSY SU(5) has already derived and published[10].
In this paper, the RGE system is at one-loop level. The values of the parameters like the
coupling constants at the energy scale  10−2GeV are necessary to evaluate the neutron
EDM’s value. This energy scale, 10−2GeV, means the order of the binding energy of
4
Table 1: Common parameters
Symbols Values Comments Possible Regions
 =4 Complex phase 0  =2
tan v2=v1 Ratio of VEV 2  10
v1 246 (GeV) Higgs boson’s VEV
mh 150 (GeV) Higgs boson mass 100 (GeV) 
md 10 (MeV) d-quark mass
mu 5 (MeV) u-quark mass
quarks in ultra cold neutrons, in which the measurement of the neutron EDM’s value will
be carried out. In order to solve the RGE system numerically, the set of the experimental
value of the parameters at the energy scale on the Z boson’s mass shell(MZ = 91(GeV)) is
taken for the boundary condition of the coupling constants(mainly the Yukawa coupling
constants and gauge coupling constants). In 1995’s edition of Particle Data Group[8] is
refered for the particle masses and the gauge coupling constants. Note that we have no
principle to determine the Higgsino mass mH at present, except a quite rough estimation
as mH  100GeV. Thus, M 0 and mH are exceptional among the coupling constants;
treated mH as a free parameter on the Z boson’s mass shell(MZ = 91(GeV)). Moreover,
a relation: M 0 = mH is supposed, because M
0 should be the same order with the mH ’s
value.
4 Numerical Analysis and Results
In this section, the neutron EDM’s value in the following three cases are numerically
evaluated according to the formulae Eq.(912)
In the rst, the common parameters are xed. The complex phase  in order to violate








This ’s value is simply taken a middle point of the possible region. The ratio of the
vacuum expectation values(VEV) between the lightest neutral Higgs boson’s v1 and its
doublet partner’s v2 is represented as
tan = v2=v1 ; (v2  v1) ; (14)
v1 = 246(GeV) :
tan’s value is usually taken 2  10. As is mentioned in the previous section, M 0 is
settled as M 0 = mH , and mH ’s value is a free parameter. All the common parameters for
the numerical analysis in this section are summarized on the Table I.
4.1 Assumed Universality of Mass ratio
In this subsection, the authors assume a universality in order to reduce the number of
































Figure 2: The value of the neutron EDM as functions of the scalar d-quark mass in the
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Figure 3: The neutron EDM’s value as functions of m ~d in the subsection 4.2. tan =
2; 5; or 10. The shadowed region is excluded by the experiments.
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Figure 4: The neutron EDM’s value as functions of mH in the subsection 4.3 at tan = 5.
The masked region is excluded experimentally.






= B1 ; (15)
where, mh is the lightest neutral Higgs boson’s mass. mq is the quark mass and m~q is the
superpartner’s. In Fig.2, we show the value of the neutron EDM depends on the mass of
the scalar d-quark:
100(GeV)  m ~d  1(TeV) ; (16)
in the three cases; tan  = 2; 5; or 10. This universality does not provide the restriction
to the mass of the supersymmetric particles from this diagram. Moreover, the Higgsino
mass is unrealistically heavy,
mH  10
3(TeV) : (17)
Nevertheless, there remains a possibility to observe the neutron EDM by the experiment[3],
if m ~d  1(TeV) and tan = 2, in this occasion.
4.2 Assumed Universality of Mass Dierence
In this subsection, another universality is assumed in order to reduce the number of
parameters; the mass dierence B2 between the particle and the supersymmetric partner
is assumed universal. This dierence B2 implies the degree of the SUSY breaking between
the particle and the superpartner: (
m~q = mq +B2
mH = mh +B2 ,
(18)
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The three settings; tan = 2; 5; or 10 are also chosen in this subsection. The neutron
EDM’s value under this universality is shown in Fig.3 . The neutron EDM’s value is a
function of m ~d (100GeV  m ~d  1TeV). If m ~d  1(TeV), it is hopeful to observe the
neutron EDM by the experiments.
4.3 Assumed No Common Universality
Now we do not assume the common universality between the quark sector and the Higgs
sector; m ~d and mH are independent of each other. Note that the mass dierence uni-
versality in the quark sector still holds in this subsection; the mass dierence between
the quark and the scalar-quark remains universal. The authors also x tan = 5 in this
subsection. As is shown in Fig.4, the neutron EDM’s value dependence on the Higgsino
mass in the three settings; m ~d = 200GeV, 500GeV, or 1TeV are estimated. The possible
region of the Higgsino mass is taken as:
200(GeV) mH  3(TeV) : (19)
In this scheme, to observe the neutron EDM by the experiments is as promising as under
the assumption in the previous subsection 4.2.
5 Conclusion and Summary
Summary, in the SUSY SU(5) GUT model, several theoretical evaluations of the neutron
EDM’s value are obtained; the EDM’s value originated by the complex phase in the Higgs
sector of the mass matrix are larger than ones generated by the phase in the quark sector.
We succeed to derive the neutron EDM’s value quite larger than one in the standard
model. In the subsection 4.1, the neutron EDM’s values are estimated as 10−28  10−30(e
cm) for 100(GeV) m ~d  1(TeV). In the subsection 4.2 and 4.3, the neutron EDM’s
values are in the region of 10−24  10−26(e cm) for 100(GeV) m ~d and mH  1(TeV).
It is possible to observe the neutron EDM in the near future by the experiments in the
latter two cases. If the neutron EDM will be observed over the prediction of the standard
model ( 10−32(e cm)), the other models including the SUSY SU(5) GUTs (predicting
large EDM) would be influential.
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